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Survey on Factors of Geotechnical Disaster due to 2018 








Natural disasters caused by huge earthquake have occurred in various places, and has made a great 
impact on social activities and people's lives in recent years in japan. Then the effect on transportation 
caused by disaster on earthquake is very high. The Hokkaido Eastern Iburi earthquake in 2018 caused 
geotechnical disasters, which are large slope failures in wide area, and unique liquefaction at 
Satozuka area in Sapporo city etc. In particular, serious geotechnical damages were induced in 
Atsuma town recorded 7 on the Japanese seismic intensity scale (a magnitude of 6.7). The objective 
of this study is to investigate factors for geotechnical disaster due to 2018 Hokkaido Eastern Iburi 
earthquake in these region. In this study, geomorphic and geological investigation for factor of slope 
failure occurred in the Atsuma town and that of liquefaction at Satozuka area in Sapporo city is 
discussed. In the survey, it is found that the large slope failure occurred in the Atsuma town is caused 
by Ta-d unit of Tarumae volcanic ash layer, and the type of slope failure is surface failure. 
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東－西南西方向に圧力軸を
持つ逆断層型である。また、
2019 年 2 月 21 日 21 時 22 分
にマグニチュード 5.8 となる
余震が発生し、厚真町で最大




















平成 31 年 4 月 1 日現在で、人的被害は死者 43 名（震災関連死者数を含む）、重傷 48 名、軽傷 734 名
であり、大規模な斜面崩壊が発生した厚真町は死者 36 名であり最も死者数が多かった(3)。重傷者は、む
かわ町が 24 名で最も多く、次に苫小牧市の 9 名であった。軽傷者数は、最も多いのが札幌市で 294 名、
図 2 震央分布図(2) 
図 1 震度分布図(1) 
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の地震の規模と崩壊面積の関係を示す(6)。今回の地震による斜面崩壊面積は 13.4 km2、土量は 3000 万
m3 であり、これは、札幌ドーム約 440 個分に相当する規模である。また、過去の地震の規模に対する崩
壊面積が最も多いことが分かるが、これは明治以降の主要な地震災害の中でも最も多いことが報告され
ている(6)。厚真町の地質は、深度 18 m 付近まで表層から順に、樽前山、恵庭岳、支笏カルデラを噴出源
とする火山灰で構成されており、樽前山起源の樽前降下軽石（Ta）地層は、Ta-a から Ta-d まで 4 ユニッ
トで構成されている。Ta-a は 1739 年，Ta-b は 1667 年，Ta-c は約 2000 年前，Ta-d は約 9000 年前の樽前







図 3 斜面崩壊箇所との震源分布(5) 
図 4 過去の地震の規模と崩壊面積(6) 
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21 号による日雨量 35 mm の豪雨があり地下水位が高かった可能性がある。里塚地区の地盤沈下（陥没）
は、地震発生によって地盤内の盛土材が液状化し、宅地造成前の旧河川の沢沿いに上位箇所（図 6 左下
方）から帯状に流動し、下位箇所（図 6 右上方）で地表面に流出して生じたものと考えられる(10)。なお、
柱状図では N 値が 0～1 程度の地層があるが(10)、これは空洞ではなく自沈した状態にあったとのことで
ある。
4 地盤災害の復旧と今後の課題




いる。図 7 は、2019 年 5 月末の復旧状況である。図 5 とほぼ同じ位置で上流側から下流側を俯瞰してい




















図 7 日高幌内川上流部の復旧状況(6） 写真 5 厚真川の仮復旧状況 
木幡 行宏 
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In 2018, an earthquake occurred in the Iburi-Tobu district in Hokkaido, Japan, and caused severe 
disasters. This paper describes the results of field surveys of the Iburi-Tobu district. The results of 
field surveys provide invaluable information for mitigating future natural disasters in Hokkaido. 
 

























認できた。テフラ層は恵庭火山起源の En-a（約 2 万年前）、樽前火山起源の Ta-d（約 9000 年前）、樽前
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Slope failures over a wide area in the 2018 Hokkaido Eastern Iburi 
Earthquake and its evaluation  
 
Shima KAWAMURA and Kohei KISHIDA 
 




The 2018 Hokkaido Eastern Iburi Earthquake caused a large amount of slope failures over a wide area. 
In particular, the enormous damage due to slope failures was centered in Atsuma and Abira town which 
are to the north of the epicenter. In Atsuma town, a seismic intensity of seven has been observed for the 
first time in Hokkaido, Japan. The geology in this region was mainly formed from three kinds of 
pyroclastic fall deposits (fa) erupted from Tarumae volcano, Eniwa volcano, and Shikotsu Caldera. 
Especially, the serious damage was generated in these tephra stratus. This report summarizes 
earthquake-induced damages on natural slopes, and presents physical feature and mechanical properties 
of the collapsed pyroclastic fall deposits distributed over this area. 
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(%) 71.1 34.4 142.2 197.3 160.7 138.5
(g/cm3) 2.81 2.78 2.5 2.49 2.49 2.49
(%) - - 4.99 5.88 4.85 7.10
10 (mm) 0.1 0.9 2.8 0.6 1.4 0.6
(mm) 0.8 5.1 6.1 4.1 3.9 3.4
11 6.7 2.5 8.5 3.9 8.0
(%) - - - 93.9 - -
(%) - - - N.P. - -
(g/cm3) - - - 0.472 - -
(g/cm3) - - - 0.269 - -
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Field Survey Results of Building damage in Iburi and Hidaka 
Regions by 2018 Hokkaido Eastern Iburi Earthquake 
 
Yuya TAKASE, Hiroshi NAGAI and Mitsuo MIZOGUCHI 
 




On September 6, 2018, Hokkaido Eastern Iburi Earthquake was occurred. The center of this earthquake 
is Atsuma of Iburi region. Moreover, the maximum seismic intensity was 7. After this earthquake, the 
authors investigated RC buildings and foundation damages in Iburi and Hidaka regions. As the result 
of the survey, however very sever damages were not confirmed, there were minor damages at RC non-
structural walls, RC expansion joints and foundations on banking. Therefore, a structural design 
methods are required for these members. 
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表 2.4 厚真町における学校建築物の被害状況の一例
記号 地域 最大震度 校舎の諸元 被害状況の概要













   
(a) 梁および柱のひび割れ          (b) 開口部周囲のひび割れ
写真 2.1 学校 A1 の被害状況
(2) 安平町
表 2.5 に安平町における学校建築物の被害状況の一例を示す。安平町の学校建築物においても，被害
は散見されるものの，損傷度区分としては厚真町と同様に，損傷度 I から II の範囲であると考えられる。
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表 2.4 厚真町における学校建築物の被害状況の一例
記号 地域 最大震度 校舎の諸元 被害状況の概要
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(a) 建物全景                 (b) EXP. J.の損傷
   
(c) 非構造壁の損傷-1            (d) 非構造壁の損傷-2
   
(e) 時計付き飾り壁の損傷       (f) 飾り壁の撤去後(Ｈ30.11 撮影)
写真 2.2 学校 B1 の被害状況
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写真 2.3 に学校 B2 の被害状況を示す。本建物においても，外観調査だけでなく内観調査も実施して
いる。(a)に示すように当該建物では，床に大きなひび割れが確認された。また，(b)や(c)に示す通り，
学校 B1 と同様に非構造壁や EXP. J.の被害も確認された。さらに，基礎梁の仕上げモルタルの剥落など
の損傷も確認された。この他にも，建物内部において RC 梁の仕上げモルタルの剥落が生じていた。
   
(a) 床に生じたひび割れ           (b) 非構造壁の被害
   
(c) EXP. J.の損傷           (d) 基礎梁の仕上げモルタルの剥落
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写真 2.4 から写真 2.6 に，むかわ町で確認された学校建築物の被害事例を示す。
写真 2.4 は学校 C2 において，校舎と体育館の間の渡り廊下の EXP. J.に生じた被害であり，このため
か基礎梁で，仕上げモルタルの剥落が確認される。また写真 2.5 は，学校 C4 の腰壁に生じたひび割れを
示している。さらに学校 C3 では，写真 2.6 に示すように外壁の剥落が確認された。
写真 2.4 校舎と体育館の渡り廊下の EXP. J.の被害(C2)
   
写真 2.5 腰壁に生じたひび割れ(C3)         写真 2.6 外壁の剥落(C4)
2.2.2 その他の建物
前項では，学校建築物の被害事例について報告した。前述のように本対象地域では，地域の特質上大
規模な RC 構造物はほとんどないが，庁舎や集合住宅など，幾つかの RC 造建物があり，これらの建物に
おいても，被害が確認された。そこで本項では，これらの被害事例について述べる。





写真 2.8 は，厚真町にある 3 階建の集合住宅の被害事例である。学校建築物においても，校舎と校舎
の間，あるいは校舎と渡り廊下との間の EXP. J. で被害が確認された。これらと同様に写真 2.8 も EXP. 
J.の被害である。この集合住宅は，2 つの棟が平面的に「へ」の字形に並んでおり，これらをつなぐ渡り
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廊下との間の EXP. J.周囲で被害が生じている。これまでに見た被害と異なり，RC 柱のかぶりコンクリ
ートが，鉄筋が見えるほど大きく剥落している点に特徴がある。
写真 2.9 は，むかわ町にある 4 階建の集合住宅の被害事例であり，基礎梁から壁に向かって大きなひ
び割れの発生が確認された。
写真 2.7 外壁の被害事例（厚真町）
   
(a) 建物全景（渡り廊下）           (b) EXP. J.の被害
写真 2.8 3 階建て RC 集合住宅の EXP. J.の被害（厚真町）
   
(a) 建物全景            (b)基礎梁から壁に伸びるひび割れ
写真 2.9 4 階建て RC 集合住宅の被害（むかわ町）
髙瀬 裕也，永井 宏，溝口 光男 
－ 28 － 
廊下との間の EXP. J.周囲で被害が生じている。これまでに見た被害と異なり，RC 柱のかぶりコンクリ
ートが，鉄筋が見えるほど大きく剥落している点に特徴がある。
写真 2.9 は，むかわ町にある 4 階建の集合住宅の被害事例であり，基礎梁から壁に向かって大きなひ
び割れの発生が確認された。
写真 2.7 外壁の被害事例（厚真町）
   
(a) 建物全景（渡り廊下）           (b) EXP. J.の被害
写真 2.8 3 階建て RC 集合住宅の EXP. J.の被害（厚真町）
   
(a) 建物全景            (b)基礎梁から壁に伸びるひび割れ
写真 2.9 4 階建て RC 集合住宅の被害（むかわ町）
北海道胆振東部地震における胆振・日高地方の建物の被害調査結果 





調査は 9 月 13 日に上記 4 つの市町に赴き，初動調査として被害状況を把握した。また，12 月 25 日と




厚真町は最大震度 7 を観測した地域であり，新町と豊沢の 2 つの地区の調査を実施した（図 3.1）。
(1) 新町地区
 厚真町新町地区は，中心市街地から南東方向に位置し，標高が市街地よりも 10～20m 程高く，傾斜地
が多い。この地区では，写真 3.1～写真 3.2 に示すように，道路や建物敷地内に地盤変動に伴う地割れの
被害が多数発生していた。
図 3.1 厚真町の調査エリア（航空写真・標高コンター）
   
写真 3.1 整備中の道路に生じていた地割れ 写真 3.2 建物敷地内に生じていた地割れ
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写真 3.3 擁壁の沈下・水平移動 写真 3.4 建物の背面地盤での地割れ
  
図 3.2  RC 造 3.F 建物の配置図 写真 3.5  RC 造 3.F 建物の全景
   
写真 3.6 1F 出入口の損傷 写真 3.7 敷地東側での地割れ
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写真 3.3 擁壁の沈下・水平移動 写真 3.4 建物の背面地盤での地割れ
  
図 3.2  RC 造 3.F 建物の配置図 写真 3.5  RC 造 3.F 建物の全景
   
写真 3.6 1F 出入口の損傷 写真 3.7 敷地東側での地割れ
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 写真 3.5 は RC 造 3.階建てアパートの全景である。この建物は，図 3.2 のように南・東側の周辺道路よ
りも数 m 高い場所に建てられており，1 階出入口で基礎部材の損傷（写真 3.6）が確認された。また，建
物の敷地東側で地割れ（写真 3.7）が生じると共に，東側アプローチの斜路では 20cm 程度の段差が発生，
道路との境界となる歩道では隆起が生じていた。建物周辺の地盤変状によって軽微な被害は確認された
ものの，建物自体の沈下や傾斜は認められなかった。
 その他に，傾斜地において住宅の基礎部材の損傷（写真 3.8，写真 3.9）や擁壁のはらみ出し，ブロッ
ク塀の倒壊などの被害が確認された。
(2) 豊沢地区




 写真 3.10 は玄関側のデッキ部分が損壊した平屋の住宅である（写真はデッキ部分が撤去後）。この敷
地は住宅の南側と東側（写真の手前側と右側）が傾斜しており，東側には沢が流れている。地盤が斜面
方向に変動したことが要因で住宅に大きな被害を及ぼしたと思われる。 
 写真 3.11 は傾斜地に建つ平屋の住宅であり，谷側にある柱が中央の梁との接合部で折損する被害が確
認された。被害が生じた柱の脚部が谷側へ水平移動していることから，斜面のすべりに伴う地盤変位の
影響が建物の位置によって差異が生じたことで断面欠損した柱の弱部に被害が生じたと思われる。 
   
写真 3.10 地盤の変動によって損壊したと 写真 3.11 地盤のすべりによって谷側の柱が
   思われる住宅（正面のデッキ部分の撤去後） 折損したと思われる住宅
3.2.2 安平町
 安平町は最大震度 6 強を観測した地域であり，調査を実施した早来大町地区は JR 安平駅から北東に
位置する。
 この地区の比較的平坦な敷地に，RC 造 2 階建ての集合住宅が図 3.3 のように全体で 3 棟配置されてい
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れなかった。建物 B でも周辺地盤が 10cm 程度沈下し，建物北側の共用部分の床・壁の境界部では水平
方向に大きなクラックが発生（写真 3.14）していた。また，建物 B と建物 C の住棟間の通路において多
数の変状が見られ，周辺道路でも 5cm ほどの段差が生じていた。
 写真 3.15 は丘陵地に建つ神社における被害の状況である。社殿が完全に崩壊し，屋根が地上にある状
態であった。参道にある石柱が東側へ転倒し，また神社の南側に位置する住宅地の斜面ですべり（写真
3.16）が見られたことから，地盤変動が大きかったと思われる。
 写真 3.17 は神社の西側の傾斜地に建つ 2 階建ての戸建て住宅の被害状況であり，外壁が損壊して一部
が剥落していた。敷地は建物の南西側と北西側に斜面があり，北西側の擁壁がはらみ出していた。地盤
変動によって基礎が大きく動き，変形が上部構造物にも及んだと思われる。
 その他に，写真 3.18 に示すように住宅の基礎部材に一部ひび割れや損傷などが見られたが，比較的新
しい住宅では外観上からは大きな被害は確認できなかった。
   
図 4.3 RC 造 2F 建物の配置図 写真 3.12 RC 造 2F 建物 A の全景と地割れ
   
写真 3.13 地盤沈下と基礎に一部ひび割れ 写真 3.14 建物 B の共用部分での損傷
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写真 3.17 傾斜地に建つ住宅と擁壁の被害 写真 3.18 基礎に一部ひび割れ
3.2.3 むかわ町
 むかわ町は最大震度 6 強を観測した地域であり，調査を実施した美幸，末広，大原地区はむかわ駅の
南側～東側に位置する市街地である。地盤の水平変位に伴うインターロッキングの変状が至る所で発生
していた。





   
(1) 建築物 A (2) 建築物 B
写真 3.19 建築物の倒壊・変形（基礎・地盤の被害状況の確認が困難）
写真 3.20  基礎に一部ひび割れ
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3.2.4 新ひだか町
 新ひだか町は最大震度 6 弱を観測した地域であり，調査地は静内の山手・末広地区である。





写真 3.22 地盤変動に伴う外階段の変状 写真 3.23 基礎フーチング周辺の地盤変状
写真 3.24 基礎梁の損傷
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北海道胆振東部地震における胆振・日高地方の建物の被害調査結果 
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Big earthquake occurred at East Iburi area on Steptember 2016 and many houses were devastated. Such 
disasters left a huge amount of wastes in those areas. The disaster wastes in a small town was surveyed 
for those quantity and quality in order to evaluate a safe and environmental sound management of those 
wastes. The disaster waste generation based on the architecture elements was estimated to be about 72 
tons per house. A hundred houses were demolished so far and the average disaster waste were monitored 
to be about 87 tons per house by the suffered municipality. Those debris includes concrete (weight rate, 
65%), wood (weight rate, 10%), etc. The total amount of disaster waste generated in Atsuma, Abira and 
Mukawa communities is estimated to 77,000 tons. 
 
































れていたが、平成 31 年 3 月までには 1 つに集約して、
主に被災家屋の解体に伴って発生する災害廃棄物の処
理に移行していたと思われる。
2. 3 発災から 1 年後の現地での災害廃棄物の管理状況


























図 1 発災後 3 週目(2018/9/27)の仮置場 
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す。平均は 87 トン/戸であり、最大で 230 ト
ン、最小で 11 トンと極めて大きな差が生じて
いた。これは被災家屋が住居だけでなく、併設
表 1 災害廃棄物発生原単位推定 
 
 
半壊b * 一部損壊c **
重量[t] 組成[%] 重量[t] 重量[t]

















71.6 100.0 14.3 7.2






表 2 胆振東部 3 町の被災状況（戸数） 
 
 




厚真 224 314 1,090
安平 93 356 2,092
むかわ 33 139 2,432
合計 350 809 5,614
全壊 半壊 一部損壊 計
厚真 16,038 4,496 7,804 28,339
安平 6,659 5,098 14,979 26,735
むかわ 2,363 1,990 17,413 21,766
合計 25,060 11,585 40,196 76,841
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The Longitudinal Research of Students’ Psychosomatic Influence  








After Hokkaido East Iburi Earthquake, longitudinal research data (2 weeks, 1 month, 2 months and 6 
months later) by questionnaire of junior high and high school student in the affected area were 
investigated. Data shows high school student represent higher than junior high school student’s stress 
level. And stress level is decreasing according to time elapse, however after big after-shock, most of 
stress level become higher than after first-shock, especially irritative and feel illness response. Stress 
response is easy to recover by stressful same event even after 6 month later.      
 



















































に、本研究に当たって室蘭工業大学の「平成 30 年度 北海道胆振東部地震災害 緊急調査支援補助事
業」により、被災地の小中高等学校に入った SC との会議に出席あるいは主催、地域や学校関係者への
教育研修事業で心理教育およびアンケートの必要性の理解促進のための資料作りを実施した。
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2. 3. 1 校種別比較−中学と高校
 中学校は A 中学校、高校は B 高等学校と表記している。A 中学校での調査と B 高等学校の調査日は、
全く同一ではないが、2018 年 9 月 6 日の発災後中学校ではおおよそ１ヶ月後の 10 月 5 日と２ヶ月後の
11 月 7 日に、高校では２週間後の 9 月 19 日と、およそ２ヶ月後の 10 月 23 日に、そして半年後の 3 月
12 日に調査が実施された。縦軸は%、横軸はそれぞれの回答項目である。
 対象となる中学生の人数は 40 名で、高校は 59 名であった。男女別の集計は行っていない。




     図１：A 中学校 １ヶ月後（10 月 5 日）と２ヶ月後（11 月 7 日）のアンケート結果  
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図２：B 高等学校 ２週間後（9 月 19 日）と２ヶ月後（10 月 23 日）のアンケート結果
2. 3. 2 B 高校２週間後、２ヶ月後、６ヶ月後 学年別比較
   図３：1 年生のアンケート結果         図４：2 年生のアンケート結果
B 高等学校では、発災から約６ヶ月後の 3 月 17 日にもアンケート調査を実施することができた。しか
し、3 年生はすでに卒業していたため、得られたのは在校生の 1 年生と 2 年生のみであった。
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Energy Cooperation in Battery-Free Wireless Communications 
with Radio Frequency Energy Harvesting  
 
 










Radio frequency (RF) energy harvesting techniques are becoming a potential method to power 
battery-free wireless networks. In RF energy harvesting communications, energy cooperation 
enables shaping and optimization of the energy arrivals at the energy-receiving node to improve 
the overall system performance. In this paper, we proposed an energy cooperation scheme that 
enables energy cooperation in battery-free wireless networks with RF harvesting. We first study 
the battery-free wireless network with RF energy harvesting then state the problem that 
optimizing the system performance with limited harvesting energy through new energy 
cooperation protocol. Finally, from the extensive simulation results, our energy cooperation 
protocol performs better than the original battery-free wireless network solution. 
 






1  INTRODUCTION 
 
Battery-free wireless networks avoid the battery replacement of the traditional wireless networks, which are 
applied for more applications, e.g., wireless sensor networks(1, 2), Internet of Things (IoT)(3, 4), and the fifth 
generation communication networks(5). In battery-free wireless networks, the nodes harvest energy from the 
environment for the wireless communications, which can supply power infinitely(6, 7).  
Recent years, radio frequency (RF) energy harvesting is playing an important role in wireless networks that 
wireless nodes can harvest energy from RF waves to extend network lifetime(8, 9, 10). For battery-free wireless 
networks, RF harvesting is also considered as an emerging technology to maintain data communications (11). Since 
RF energy sources are discontinuous distributed, some wireless nodes are hard to harvest enough energy. In general 
wireless networks, as the nodes in wireless networks have batteries to store energy, it is possible to maintain the 
network through careful energy management(12, 13). However, as wireless nodes need continuous energy 
supplement, battery-free networks are difficult to work well on simple energy management (14). 
Energy cooperation is a potential solution to enable battery-free wireless networks with RF harvesting. Because 
of the intermittency of Rf energy distribution, some wireless nodes will harvest more than necessary  energy(15). 
Energy cooperation means the wireless nodes with substantial energy can share their energy to those energy 
deprived nodes, which is an efficient methodology to improve the network performance of general wireless 
networks. As the nodes in battery-free are not able to store excessive energy, energy cooperation needs more 
dedicated control to improve the energy efficiency.  
In this paper, we propose an energy cooperation scheme to improve the network performance of battery-free 
wireless networks. We first study the battery-free wireless networks with RF energy harvesting and introduce 
*1 Department of Sciences and Informatics, Muroran Institute of Technology 
 
©ACM 2018. This is the author's version of the work. It is posted here for your personal use. Not for redistribution. The 
definitive Version of Record was published in ACM Transactions on Embedded Computing Systems, 
http://dx.doi.org/10.1145/3141249. 
特　　　集
He LI, Kaoru OTA and Mianxiong DONG 
－ 48 － 
energy cooperation into the communication protocol. Then, we formulate the problem to minimize the overall 
latency of the given battery-free wireless network with RF energy harvesting. We solve the problem of the latency 
optimization with an energy cooperation protocol. We also formulate and analyze the efficiency of the energy 
cooperation protocol in the given battery-free wireless network. For evaluating the energy cooperation 
performance, we take extensive simulations and the numerical results show the network latency is decreased by 
our protocol. 
The main contributions of this paper are summarized as follows.
• We first study the energy cooperation to optimize the network performance of battery-free wireless 
networks with RF energy harvesting. Since RF energy powering battery-free networking is a prospective 
technology, our work is the first work to optimize the network performance through energy cooperation.
• We then design the energy cooperation protocol to minimize the network latency of the battery-free wireless 
network. It is a challenging problem which needs to understand thoroughly the impact of energy harvesting 
and cooperation in the battery-free wireless network.
• We take the performance evaluation of the energy cooperation protocol with extensive simulations with 
settings from realistic battery-free wireless networks. We also compare our pricing strategy with the original 
network and the results show that our protocol decreases the network latency.
The rest of this paper is summarized as follows. Section 2 reviews the related work. Our network scenario and 
motivations are introduced in Section 3. Section 4 presents the problem formulation. An optimal energy 
cooperation protocol is proposed in Section 5. Section 6 gives the simulation results. Finally, Section 7 concludes 
this paper and give the future work.
2 RELATED WORK
In this section, we first introduce some main technologies of RF harvesting in battery-free wireless networks. 
Then, we discuss some energy cooperation strategies with RF harvesting.
2.1  RF energy harvesting in battery-free wireless networks
Some previous works focus on the design and implementation of battery-free wireless devices with RF energy 
harvesting. Radio frequency identification (RFID) applications are considered as an important area of battery-free 
devices.(16) proposed a programmable battery-free sensing and computational platform for sensor-enhanced RFID 
applications. They extend the maximum operational range of RFID sensing to 4.3m and provide a communication 
channel based on RFID reader physical layer.
Harvesting ambient RF energy is an important method for powering battery-free devices. (17) first analyzed the 
spectrum opportunities for harvesting energy from ambient radio waves. Through their analysis, harvesting RF
energy from ambient radio waves shows acceptable efficiency for powering battery-free devices. Thus,(18)
designed a battery-free device powered by harvesting RF energy from indoor WiFi access points. Even though 
they improved the energy harvesting efficiency, the harvested power is not enough for wireless communication.
Harvest energy from terrestrial television (TV) broadcasts is a perpetual power source for battery-free 
systems.(19) presented an RF energy harvesting battery-free device to harvest energy from the TV broadcast. They 
design a large log-periodic antenna to harvest 500-600 MHz TV signals and produce enough power for sensing 
and communication. From the result, the harvested power is also limited for maintaining a battery-free wireless 
network.
Some researchers introduce wireless communications into battery-free devices.(20) proposed a body area sensor 
node chip powered by both RF and thermoelectric power. In their design, the frequency-multiplying transmitter 
can provide a maximum data rate of 200kbps. However, the authors only implemented a single node system and 
the communication range is limited by harvesting ambient RF energy.
Thus, as a wireless network needs higher energy supplement than ambient RF energy harvesting, energy 
transmitters or chargers are deployed for energy transferring. Previous studies proposed efficient solutions for 
wireless rechargeable sensor networks(21, 22, 23, 24, 25). Although these works focus on batteries charging on wireless 
nodes, RF energy transferring or charging shows enough capacity for powering battery-free systems. Therefore,(26)
studied a battery-free wireless sensor network powered by RF energy chargers. They present a well-designed RF 
energy charger placement to minimize the number of chargers. Their research shows that powering battery-free 
wireless networks through additional RF chargers or energy transmitters is an efficient solution.
2.2 Energy cooperation through RF energy harvesting
Energy cooperation is an efficient methodology to improve the device energy supplement through RF energy 
harvesting.(27) first studied energy cooperation in the wireless communications then proposed a generalized two-
dimensional directional water-filling algorithm to obtain the boundary of the energy capacity regions. Based on 
this research,(28) presented a class of optimal energy cooperation policies in a multi-source relay channel model 
with energy harvesting transmitters. They presented a unidirectional energy cooperation scheme which is more 
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appropriate for the practical scenarios. The energy cooperation shows enough efficiency on energy transferring.
Energy cooperation is also able to improve the network performance.(29) studied the classic three-node Gaussian 
relay channel with decode-and-forward relaying. For maximizing the throughput, they proposed a two-stage power 
allocation algorithm to obtain the optimal solution. However, the three-node network is not so practical for general 
wireless networks.
More studies focus on energy cooperation in more complex networks. For example,(30) proposed an energy 
cooperation model between base stations in cellular networks. They design an optimal energy cooperation policy 
for minimizing the energy consumption of base stations.(31) studied an emerging wireless powered communication 
network which is similar to a cellular network. They proposed an optimal strategy to improve the network 
performance through the energy cooperation. 
Furthermore, as the frequency for energy transferring is usually different from data transmission for minimum 
interference, some researchers proposed energy cooperation which is independent of data communications.(32)
proposed an energy and information cooperation scheme in RF powered cognitive radio networks. A primary 
network can provide both information and energy to a secondary network with RF energy harvesting, and the 
secondary network assists the primary transmission. In their network settings, the RF energy transferring and the 
data transmission is divided into two distinguished levels. From their simulation results, the energy and 
information cooperation improves the both primary and secondary system.
From discussed works, the energy cooperation shows promising efficiency in RF energy harvesting systems. 
Therefore, in this paper, we try to introduce the energy cooperation into the battery-free wireless network with RF 
energy harvesting to improve the overall network performance.
3 BACKGROUND AND MOTIVATION
In this section, we first introduce the scenario of a battery-free wireless network with RF energy harvesting. 
Then, we discuss the motivations on the energy cooperation to improve the network performance.
3.1 Battery-free wireless networks with RF energy harvesting
Because of the lower cost of maintenance and materials, battery-free devices are applied to build wireless 
networks, such as wireless sensor networks and Internet of Things. For powering battery-free wireless networks, 
RF energy harvesting shows better efficiency and available than other solutions such as solar radiation, the wind 
and kinetic, as battery-free devices can harvest RF energy in communications and the ambient RF energy is almost 
unaffected by environment. 
Fig.1 Battery-free wireless node with RF energy harvesting
We first discuss a typical structure of battery-free device with RF energy harvesting shown in Fig. 1. A battery-
free device will have an independent antenna for energy harvesting and another one for communications. As the 
limited energy supplement, it is hard to apply the complex design that harvesting energy and communicating 
through a single antenna. The RF energy harvester will transfer the RF energy to DC power. The power 
conditioning in harvester stabilizes the power voltage for the workload. The rest parts are similar to an ordinary 
node in wireless communications, which includes a microprocessor and a radio module. 
For powering these wireless nodes, there are two solutions. One solution is harvesting energy from ambient RF 
sources such as TV broadcast transmitters, cellular base stations, and AM/FM radio transmitters. Ambient RF 
sources can cover wide areas and provide stable energy supplement. However, for a single node, harvested energy 
is limited by the ambient RF sources. Moreover, as the ambient RF sources may operate on different frequencies, 
it needs different antennas to harvest energy.
Direct RF energy transferring can be used for powering battery-free devices out of the ambient RF energy 
coverage areas. In direct RF energy transferring, energy transmitters are set in the wireless network area and 
transfer energy to wireless nodes through a specific frequency. For example, 915 MHz is a reserved frequency for 
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wireless energy transferring and applied in some commercial solutions. Direct RF energy transferring provides 
high efficiency through directional antennas in a short distance while the energy is significantly attenuated by the 
distance. Moreover, the devices outside of the antenna beam are not able to harvest energy from the transmitter. 
Energy cooperation seems a potential solution to improve the efficiency.
3.2 Energy cooperation scenario
Fig.2 Energy cooperation with RF energy harvesting
In a battery-free network, as the energy is not distributed evenly, wireless nodes can cooperate with each other 
for energy transferring. As shown in Fig. 2, we use an example to describe the basic scenario of energy cooperation 
in a battery free network. In this energy cooperation scenario, there are battery-free wireless nodes, information 
gateway, and energy transmitter. We use 1s , 2s , 3s , 4s , and 5s to denote the wireless nodes. The information 
gateway transmits information to nodes in the information transmission zone and powers nodes in the energy 
harvesting zone while energy transmitters power the nearby nodes. 
As the limited range of information transmission, wireless nodes will cooperate into an ad-hoc network to cover 
the nodes outside of the transmission range. For example, as node 2s and 3s are out of the information 
transmission zone, node 1s first transmit data to 2s then 2s transmit data to 3s . For energy harvesting, as the 
energy harvesting zone is much smaller than information transmission zone, additional energy transmitters are 
needed to cover the nodes without energy supplement. In the example, node 2s , 3s , and 5s harvest energy from 
energy transmitters. However, for power node 1s , node 4s have to transfer extra energy through RF antenna, 
which means energy cooperation.
In this case, there are several problems. First, as the battery-free design of wireless nodes, it is not allowed to 
buffer energy in batteries. Second, as the limited transmit power, it will need multiple nodes to power a single 
node. Third, the network performance is limited by the transmit power. As a result, we propose a solution to 
optimize the battery-free network through the energy cooperation protocol.
4 PROBLEM STATEMENT
In this section, we first model the energy cooperation in battery-free wireless networks with RF energy 
harvesting then state the problem of the energy cooperation strategy to minimize the network latency with a given 
energy supplement. We assume the frequencies of energy harvesting and information communications are distinct 
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with negligible interference. Each battery node has three antennas, in which one is for energy harvesting, one is 
for information communication, and one is for energy cooperation. We also assume the network connectivity and 
packet routing are not influenced by additional energy cooperation.
As shown in Fig. 2, we use S to denote the set of battery-free wireless nodes and is ( [1,| |]i S∈ ) to denote a 
node in set S  . For node is  , let iH denote the harvesting antenna gain and iR denote the communication 
antenna gain. For the information gateway, we use gP to denote the transmit power for information transmission, 
gG to denote the gain of the transmit antenna, and ir to denote the distance between node is and information 
gateway. Let cλ denote the information transmission frequency. Therefore, for each node is , we use 
g
iP to 















where L is the path loss factor.
For the energy harvesting, we use B to denote the set of energy transmitters and jb ( [1,| |]j B∈ ) to denote a 
transmitter in set B . For energy transmitter jb , let jP denote the transmit power for energy harvesting, jG to 
denote the antenna gain, and ijr to denote the distance from node is  . Let eλ denote the energy harvesting 
frequency. Therefore, for each node is , we use 
b
ijP to denote the received power from energy transmitter jb to 















Then, we study the original network performance without energy cooperation. We first study the transmit power 
of a single node. Let piP denote the power consumption of the chips and related circuit in node is . Let iη
denote the energy efficiency from the harvesting antenna to the node is . We use 
e
iP to denote the input energy 
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For the communication between two nodes, let rikP denote the input energy of node is received from node 
ks , given by
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where ikr is the distance between node is and ks .
Then, we study the data rate with the input energy. As we assume the network uses quadrature phase-shift keying 










where ( )Q ⋅ is a scaled form of the complementary Gaussian error function, bE is energy per bit, and 0 / 2N is 
the noise power spectral density.
As a low BER is required for the data communications, let xP denote the required BER and 
x
ik xP P≤ for node 
is receives data from node ks . Now we study the relationship between BER and received power for node is











where fP is the fading margin, iN is the noise power of node is , ikfb is the bit rate of the data transmission 
from node is to ks , and 
w
iB is the channel bandwidth of node i .
As w fi i iN T B N= ⋅ ⋅ +K where K is Boltzmann's constant, T is temperature, 
f
iN is the noise figure of 
node is , the value of ikfb is sufficient as
He LI, Kaoru OTA and Mianxiong DONG 
－ 52 － 
1 2
2




x i i f
B P
fb
Q P T B N P−
⋅ ⋅
≤
⋅ ⋅ ⋅ + ⋅K
(7)
Similarly, let ifb denote the bit rate from the information gateway to node is , give by
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Now, with the harvested energy from cooperation, we study the data rate from node is to a given node ks .
We use kC to denote the antenna gain for energy cooperation of node ks . For node is , let 
h
ikP denote the 
harvested energy from node k with energy cooperation, give by
t e h
i i iP P P= − (9)
Therefore, with energy cooperation, the overall input energy eiP is calculate as
2
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Thus, we study the energy cooperation in this network. We use hiP to denote the power for energy cooperation. 
With hiP , let 
t
iP denote the transmit power of node is , given by
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where [1,| |]k S∈ .
We study the transmission latency of the battery-free wireless network with energy cooperation. In the energy 
cooperation scenario, each node transmits the extra energy in energy harvesting to others, in which the energy 
level for communications is not changed. Thus, the forwarding path in energy cooperation remains the same with 
general battery-free communications. Let iR denote the forwarding path from the information gateway to node 
is . Therefore, we use id to denote the latency of transmitting one packet from the information gateway to node 











where , 1,2,...,| |ik k Rs = is the nodes in forwarding path iR and pl is the packet size.
The problem of energy cooperation in the battery-free wireless network with RF energy harvesting 
(ECBWN): given a battery-free wireless network consisting of a set of battery-free wireless nodes, an information 
gateway, and a set of energy transmitters, the ECBWN problem attempts to adjust the output energy for energy
cooperation of each battery-free wireless node to minimum the transmission latency.
5 Energy Cooperation Protocol
In this section, we propose the energy cooperation protocol to solve the ECBWN problem. We first describe the 
design of our protocol then analyze the performance in a given battery-free wireless network.
5.1 Protocol design
As shown in Algorithm 1, we design a protocol for energy cooperation in battery-free communications. First, if 
the node receives one or more energy cooperation requests, the protocol sets the output power for energy 
cooperation equal to the input power. We first set output power hiP for energy cooperation to input energy 
e
iP .
Then, the node will sleep until a packet comes. 
When the node receives a packet, the node will put the received packet into the transmit queue for the future 
forwarding. If the communication protocol and RF module are duplex, the node will send the packet to the transmit 
queue simultaneously. For half-duplex networks, the node will wait all packets are received. In our scenario, we 
assume all communications between battery-free nodes are full duplex.
For transmitting packet, as the node needs enough transmit energy, output energy hiP is decreased and more 
energy is reserved for transmitting packets. As input energy eiP is dynamically varying with the energy 
cooperation scheme, the node will adjust hiP through an iterative calculation. For multiple nodes sending data or 
harvesting energy, we assume there is a simple collision avoidance mechanism in each battery node. Thus, in our 
protocol, the node will stop sending packets when the channel is not idle.
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(ECBWN): given a battery-free wireless network consisting of a set of battery-free wireless nodes, an information 
gateway, and a set of energy transmitters, the ECBWN problem attempts to adjust the output energy for energy
cooperation of each battery-free wireless node to minimum the transmission latency.
5 Energy Cooperation Protocol
In this section, we propose the energy cooperation protocol to solve the ECBWN problem. We first describe the 
design of our protocol then analyze the performance in a given battery-free wireless network.
5.1 Protocol design
As shown in Algorithm 1, we design a protocol for energy cooperation in battery-free communications. First, if 
the node receives one or more energy cooperation requests, the protocol sets the output power for energy 
cooperation equal to the input power. We first set output power hiP for energy cooperation to input energy 
e
iP .
Then, the node will sleep until a packet comes. 
When the node receives a packet, the node will put the received packet into the transmit queue for the future 
forwarding. If the communication protocol and RF module are duplex, the node will send the packet to the transmit 
queue simultaneously. For half-duplex networks, the node will wait all packets are received. In our scenario, we 
assume all communications between battery-free nodes are full duplex.
For transmitting packet, as the node needs enough transmit energy, output energy hiP is decreased and more 
energy is reserved for transmitting packets. As input energy eiP is dynamically varying with the energy 
cooperation scheme, the node will adjust hiP through an iterative calculation. For multiple nodes sending data or 
harvesting energy, we assume there is a simple collision avoidance mechanism in each battery node. Thus, in our 
protocol, the node will stop sending packets when the channel is not idle.
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The minimal voltage is the voltage for the radio module send packets with the lowest power. The normal voltage 
is the voltage for the radio module and microprocessor working in the normal status. If the voltage is lower than 
normal voltage, the node will multicast an energy request with the lowest power. If the voltage becomes lower 
than minimal voltage, the node will sleep until the voltage recovery.
5.2 Performance analysis
Fig. 3 Energy cooperation for a single node
Then, we try to analyze the performance of the energy cooperation protocol. We first assume all nodes are 
uniformly distributed in the network area and all nodes have the same parameters, which means 
1 2 | |... SH H H H= = = =  , 1 2 | |...
p p p p
SP P P P= = = =  , 1 2 | |... SC C C C= = = =  , and 1 2 | |... Sη η η η= = =  . We use S to 
denote the size of the entire network area. As shown in Fig. 3, a single node can harvest energy from the nearby 
nodes. We use hr to denote the maximum range of energy harvesting in cooperation. Thus, the area for energy 
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harvesting or node is is 
2( )hrπ ⋅  . Let hiS denote the node in the energy harvesting area of node is  . Let 
(| |)hiE S denote expected number of node in 
h
iS , given by
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We use ( )hhrE P to denote the expected harvested energy of all nodes in energy cooperation and ( )h
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denote expected energy that the nodes in the circle harvest from energy transmitter jb . Expected harvested energy 
( )hhrE P can ba calculated as
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We first study the case that only node is is transmitting data while other nodes in the circle area are transferring 
energy for cooperation. Thus, as we assume the nodes in the circle area can harvested more power than inherent 
energy consumption, expected harvested energy ( )hhrE P is calculated as
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where *rikP is the new input energy for data communications.
Therefore, let iA denote the expected performance ratio of data rate between energy cooperation and original 
protocols when only node is is transferring data, given by
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where *rikP is the received energy of node ks during data communications with node is through energy 
cooperation protocol.
Let J denote the expected number of hops for data forwarding. As the transmit power of the information 
gateway is much higher than nodes, the latency in the first hop is much smaller than latency in other hops. Let A
denote the expected performance ratio of latency between energy cooperation and original protocols when only 
one forwarding path is transferring data, given by:
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In this section, we first describe the simulation settings then provide simulation results to evaluate the 
performance of our proposed energy cooperation protocol in the battery-free wireless network with RF energy 
harvesting.
6.1 Simulation settings
To evaluate the performance in general cases, we generate random networks and compare the network latency 
of our protocol to the original network.
In our simulation, we run a python 2.7 script with the networkx library 1.6 on a desktop computer. After 
surveying many existing battery-free or RF harvesting systems, we select the parameters of the simulation from 
some practical works. We set the antenna gain of the energy transmitter is 15dBi on 915MHz, which is a common 
value of commercial products. The antenna gain for RF energy harvesting is set to 7.5dBi from(33). We assume the 
gain antenna for energy cooperation is a replicate of the energy harvesting antenna. From some previous works, 
as the gain of communication antenna is usually very small with lower energy consumption, we set it to 0dBi in 
our simulations. We choose a 100×100 area for all simulations and the default number of nodes is set to 200. The 
default output power of energy transmitters is set to 30dBm or 1000mW. We put 4 energy transmitters in the area 
for powering all battery-free nodes. The information gateway is put in the center of the area. In the data 
communication, the information gateway sends packets to each node and at any time, we first assume there is only 
one packet is transmitted in the network. We also test the network latency when two packets are transmitted in the 
network. From the standard ARIB STD-T66(34), we set the antenna gain of the information gateway is 2.14dBi and 
transmit power is 24dBm. 
As there are no other energy cooperation methods for battery-free networks, we test the performance of an 
original mode without energy cooperation for comparison.
6.2 Numerical results
We first study the harvestable energy for each node. As shown in Fig. 4(a), we use four energy transmitters in 
100×100m area and calculate the energy that a node can harvest in every position. We use different colors to show 
the value of harvestable energy. As the transferred power is quadratic attenuated by distance, the harvestable 
energy is significantly decreased below -20dBm when the distance from the transmitter becomes 10 meters. From 
the result show in Fig. 4(b), although each node only covers a small area, the energy cooperation protocol improves 
the harvestable energy even in the place far from the energy transmitters.
Then, we study the harvested energy of nodes with original mode and energy cooperation protocols. We test the 
harvested power of every node in the default settings and the cumulative distribution function (CDF) results are 
shown in Fig. 5. Compared to the original protocol, the harvested energy of each node is increased by the energy 
cooperation protocol. From the result, we find that the harvested power of node which harvests lower energy is 
increased more significantly than the one which harvests higher energy in the original mode. The harvested power 
of nodes which harvests -23dBm to -21dBm are increased most obviously by the energy cooperation solution.
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(a) Original
(b) Energy cooperation
Fig. 4 Harvestable RF energy heatmap in the network area
Fig. 5 Cumulative probability of each node harvested power
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(a) Original
(b) Energy cooperation
Fig. 4 Harvestable RF energy heatmap in the network area
Fig. 5 Cumulative probability of each node harvested power
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Fig. 6 Average harvested power with different output power of energy transmitters
We also test the average harvested power in the simulations. As shown in Fig. 6, we first test average harvested 
power with different output power settings of energy transmitters. We adjust the output power of energy 
transmitters from 30dBm to 35dBm. From the result, we find the energy cooperation increases the average 
harvested power of battery-free nodes. With a lower output power of energy transmitters, the average harvested 
power of battery-free nodes is increased more obvious. As a result, the energy cooperation protocol performs better 
with lower power from the energy transmitters.
Fig. 7 Average harvested power with different number of nodes
Then, we test the average harvested power with different numbers of battery-free nodes. We maintain the output 
power of energy transmitters as 30dBm and change the number of battery-free nodes from 100 to 600 and increase 
100 nodes in each step. As shown in Fig. 7, the average harvested power is slightly increased by energy cooperation 
protocol. With different numbers of nodes, the increased harvested power stays similar and average is about 
0.5dBm or 1.12 times than the original mode. 
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Fig. 8 Cumulative probability of communication latency
As this paper focus on the latency in data communications, we test the communication latency in the simulations. 
As shown in Fig. 8, we first study the cumulative probability of communication latency. From the result, the 
network latency is significantly decreased by the energy cooperation protocol. The network performance of nodes 
with higher latency is improved more obviously than nodes with lower latency. Thus, the energy cooperation 
protocol is a potential solution to improve the quality-of-service (QoS) of the battery-free wireless networks. 
Moreover, we also study network latency when two packets are being transmitted in the network. The network 
latency increases with transmitting more packets. With more packets transmitted in the network, energy 
cooperation still performs better than original model with lower network latency.
As shown in Fig. 9, we test the average communication latency with different output powers. We maintain the 
number of nodes is 200 and adjust the output energy of energy transmitters from 30dBm to 35dBm and add 1dBm 
in each step. The average latency is also significantly decreased by the energy cooperation protocol with different 
output powers of energy transmitters. The decreased average latency is about 4 ms with the output power of 30dBm. 
When the output power increased, as the overall network performance becomes better, the decreased average 
latency is not so obvious than the result of lower output energy.
Fig. 9 Average latency with different output power of energy transmitters
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Fig. 10 Average latency with different number of nodes
We then adjust the number of nodes in the network and maintain the output power of energy transmitters stays 
30dBm. We set the number of nodes from 100 to 600 and increase 100 in each step. As shown in Fig. 10, the 
average latency is significantly decreased by the energy cooperation protocol. When the number of nodes is less 
than 600, the decreased latency is increased with the increasing number of nodes. When the number of nodes is 
600, the latency with both original and energy cooperation protocols slightly increases. We consider its reason is 
because the average number of forwarding hops is increased by the increasing number of nodes. As a result, the 
energy cooperation protocol can decrease the 5ms or about 15% of the average network latency.
7 Conclusion and Future Work
In this paper, we propose an energy cooperation scheme in battery-free wireless networks with RF energy 
harvesting to improve the network performance by decreasing the communication latency. We first introduce the 
scenario of the battery-free wireless network and RF energy harvesting and discuss the problem of the energy 
cooperation in this scenario. We state a problem to decrease the network latency by energy cooperation then design 
an energy cooperation protocol to solve the problem. We also theoretically analyze proposed protocol and evaluate 
its performance through extensive simulations. Both theoretical and numerical results show that our energy 
cooperation protocols perform better than the original network with shorter network latency.
In the future, we plan to implement a complete RF energy harvesting solution for battery-free networks to support 
energy cooperation. Meanwhile, it is signification to find appropriate routing protocol to combine the energy 
cooperation and packet forwarding. A deeper experiment with the real word testbed is also needed to evaluate the 
efficiency of the new energy cooperation protocol.
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By comparing excerpts from the Japanese TV film 'Yuube no Curry, Ashita no Pan' and from the 
German TV film 'Die Freundin meiner Mutter', the meaning of breakfast for the respective 
cultures was worked out. A major goal is to illustrate the cultural background for the respective 
type of breakfast using frequently stated values or focal points of German or Japanese culture and 
thus to locate the relevance of such values in everyday life.  
 






1  INTRODUCTION 
 
Food plays an outstanding role in everyday communication, as Wierlacher (2013) has illustrated based on the 
three circles of culinary studies and hospitality developed by him. For these studies he also coined the term 
‘Kulinaristik’. In the second circle of this Wierlacher model it becomes clear that food in every culture is associated 
with signs, symbols, norms, rules and ways of speaking. In many cultures, food, its preparation , and consumption 
convey numerous messages which are often expressed both extra-verbally and non-verbally. Although Mehrabian 
(1972) already showed that this non-verbal part is very important in overall communication, it is rarely considered 
in the scientific analysis of everyday meals, especially breakfast. The respective cultural s tyles associated with this 
are rarely examined in this context (Wierlacher, 2018). The same applies to the aspect of time in communication, 
which, as Hall (1976) has already clearly pointed out, is of paramount importance in overall communication.  
There are numerous detailed descriptions of meals, including breakfast, in literature. Just think of Thomas Mann's 
'Die Buddenbrooks' or Heinrich Böll's 'Billiard um Halb zehn'. In both works the exact description of the breakfast 
scene is of great importance for the plot of the story.  
However, the normal everyday breakfast is still rarely examined from a intercultural perspective (Wierlacher, 
2018). The preparation and consumption of food are a total social phenomenon, as Mauss  postulated as early as 
1923, and carry all relevant aspects of the respective culture within these actions.  
In this study, to return to Mehrabian (1972), the extra-verbal and non-verbal aspects of breakfast preparations in  
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two films will be examined, since they reveal much about the actual communicative and cultural styles of the 
respective cultures and societies. Although it seems problematic to equate cultures with nations as in this
comparison, this procedure is still common practice and appears to many as "the best of all bad solutions" (Bolten 
1999, p.13).
All cultures are based on common values, and some of them are universal. The difference is that each culture 
emphasizes these values differently. Usually a certain range of values is predominant, as well as several acceptable 
and unacceptable verbal and non-verbal behaviors. Every culture has its glasses through which the world is seen 
(Moosmüller, 1997). This does not mean that people have no choice in their behaviour or expression. It rather 
means that these cultural frameworks are set by the members of a culture, mostly based on their cultural and 
collective memory (Assmann, 1992). These frameworks represent a link between an individual member of a certain 
culture and all its members. There may be aspects that overlap with those of other cultures, but a dominant 
communicative style still constitutes every culture (Galtung, 1985).
2 BACKGROUND
2.1  German culture and its communicative style 
Stereotypes about German behaviour and the German style of communication have always existed, as for other 
cultures too. E. T. Hall (1959, 1985) and M. Hall (1985) were the first scientists to document German cultural 
characteristics in their research on the handling of time, spatial behaviour and the context dependence of 
communication. They describe German culture as monochronic, low-context-oriented, order-loving, and 
emphasizing the appreciation of rules. In his comparative analysis of American and German communicative styles, 
Nees (2000) describes that participants in German culture prefer long analyses and explanations as much as 
thorough planning. He further states that many participants in German culture attach great importance to 
professional competence, cultivate a very direct style of communication and prefer individualistic traits in fact-
oriented contexts. At the same time, he acknowledges that Germans are very consensual, but that consensus is 
achieved through direct communication in official conversations where it is important to express one's opinion. The 
strong content and fact orientation causes a reduction in the importance of the relationship aspects of
communication. "Direct attacks on the content of an utterance are common, but attacks on the person are avoided 
through impersonal and objective communication" (Nees 2000, p.63). One reason for this specific characteristic of 
the German communication style is the fact that honesty in conversation is generally valued more highly through 
open expression of one's own opinion than personal relationships.
Contrastive studies of German and Japanese cultural behavior and communication styles emphasize the above-
mentioned aspect of the directness of the German communicative style. Watanabe (2006) analyzed German 
Japanese business negotiations conducted in English. Her results show that German managers communicate in a 
very matter-of-fact manner, are focused on the topic at hand and make little reference to the previous speaker. An 
investigation by Hass et al (2017) of German students revealed similar auto-stereotypical assessments: they see 
themselves as direct, efficient as well as subject- and problem-solving-oriented. This is confirmed by Huijser in his 
book 'Managing Mindsets' (2011). The same cultural attitude can also be seen in the communicative style of news 
presenters (Tagesschau), the news content as well as the editing and camera work of this news programme (Krause-
Ono, 2013), which is often dispassionate, distanced and under-laid with numbers. In summary, the German 
communication style and prevailing cultural characteristics can be characterized by a) a high degree of directness, 
b) a great appreciation of structures and rules, c) a clear distinction and separation between private space, time and 
professional life, and d) a pronounced factual orientation.
2.2  Japanese culture and its communicative style
Japanese have - in contrast to Germans - a clear idea of a specifically Japanese behaviour (Stahl, 1999). During 
the late Meiji period (1890-1912), certain characteristics regarded as Japanese were institutionalized, whether 
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through education, the media, or official orders (Gluck, 1985). Since then, a wealth of literature on Japanese 
uniqueness (Nihonjinron) has appeared (Sugimoto, 2001). The author also refers to the early studies, since their 
research results are still valid and recent publications (Hass et al, 2017) report similar results. Most authors argue 
that different schools and arts called do (way) in Japanese culture, such as bushido - the way of the warrior, kendo 
- the way of the sword, or chado - tea ceremony, or the proper way of tea, share a common cultural basis. They all 
involve not only the mastery of a technique, but also the mastery of a moral code or behaviour, including appropriate 
verbal and non-verbal expressions (Coulmas, 2003). 
According to Doi (1971) and Nakane (1967), already in the early stages of the sociolinguistic development of a 
Japanese child (through the choice of words, expressions and the underlying cultural concepts), strong emphasis is 
placed on the correct form of reciprocal behaviour in interpersonal encounters, with particular e mphasis on 
emotional importance. Meaning-distinctive concepts such as amae (indulgence) (Doi, 1971), enryo (restraint) 
(Inoue, 1977) and haji (shame or embarrassment) (Inoue, 1977) are all used to define the self as well as the other(s). 
These as well as sasshi (the ability to understand and sense the unspoken) (Nakane, 1967) are closely linked to the 
concept of the seken (the other), which is the basic orientation for outwardly directed behaviour (Inoue, 1977). All 
authors stress that these concepts would not be so explicitly present or represented if the point of departure were 
only the self and not the others. However, these concepts do not describe static positions, but change according to 
the situation in which the individual finds himself. In other words, they are strongly situation- and context-bound. 
In Japanese society, "...instead of recognizing a single social reality, there is rather a multitude of possible 
perspectives of the self as well as of social life. Interactions in Japanese society focus on the right choice made 
from numerous possibilities. In other words, what one says or does will be different in different situations, 
depending on how one defines one's own perspective towards the respective social other" (Bachnik 1986, p.69).   
Condon (1984) further shows that loyalty and group orientation have a high value in Japanese culture. Schroll-
Machl (2003) gives concrete examples of Japanese behaviour in business situations, which is often perceived by 
others as vague, indirect and very reserved. The real issue is often face saving (one's own and the other's), harmony 
and consensus orientation. This takes time, as it is necessary to gather a lot of information and to cultivate 
relationships. In communication, aspects of relationships take precedence over factual aspects. A study by Hass et 
al (2017) discovered that even young students avoid being in the foreground and tend to orient themselves towards 
the current in-group. Great importance is also attached to details and aesthetics in all situations  (Krause-Ono, 2013). 
 
3  THEORETICAL BASIS 
These idiosyncratic tendencies in the communicative styles of the two cultures, as depicted above, are also 
reflected in the meals, especially breakfast. As already indicated in the introduction, the theoretical background of 














Figure 1: Strukturmodell der Kulinaristik (Structural model of Culinaristics) 
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Quote: "The innermost circle means nutrition, i.e. the physiological necessity to eat and drink. It includes 
ecological problems as well as questions of food safety. The second circle stands for the plurality of cultures. They 
turn the realm of necessity into a realm of diversity of meanings, rules, signs, norms, rituals, ways of speaking and 
symbols. The third and outermost circle represents hospitality. This is one of the oldest ways of communication 
with which people regulate their coexistence across cultural borders."(Wierlacher, 2018, p .13, translation by the 
author) 
 
The second circle is most relevant for this study. It shows that communicative and cultural styles are reflected in 
meals. This will be demonstrated in this study through an analysis of breakfast preparation and its consump tion in 
films. Meals in films must appear plausible and completely 'normal' to the viewer in order not to cause dissonance. 
Film sequences are therefore particularly suitable for an analysis of the respective cultural and communicative 
styles. 
 
4  METHODOLOGY 
 
This pilot study intends to illustrate that even in such inconspicuous, trivial situations as the preparation of 
breakfast, the cultural and communicative styles described above appear and presumably are the basis for the same. 
In the Japanese film 'Yuube no Curry, Ashita no pan' as well as in the German film 'Die Freundin meiner Mutter' 
we found breakfast preparation sequences of about the same length (66 and 50 seconds). Both sequences were 
without words and thus even more suitable for an intercultural comparison. The sequences were examined regarding 
the type of music, number, length and type of cuts. Since the sequences cannot be shown in an article, we have 
described the content of the individual cuts or scenes in order to make the following anal ysis comprehensible. 
 
4.1  Information on the German TV film 'Die Freundin meiner Mutter' (The girlfriend of my mother)  
The main characters are: the economically unsuccessful bookseller Jan, in his early 30s, shares an apartment 
with Hannah, his best friend since childhood. His successful and lesbian mother Viktoria, who supports him 
financially, would like to have a child with her partner Rosalie. Jan is supposed to be the sperm donor. Jan's father, 
an unsuccessful writer, lives in his wife's basement and takes care of the garden and laundry.  
The script was mainly written by Martin Rehbock from an idea by the late Ilja Haller. The film is set in Hamburg. 
It is a comedy with an unusual theme, which is addressed in an uninhibited way. The film had a pred ominantly 
positive resonance with the audience. It contains several acts in which meals/food occur. Of these, a 50 -second 
breakfast preparation was particularly useful for comparison with the Japanese film. 
 
4.2  Information on the Japanese TV film 'Yuube no Curry, Ashita no Pan' (Yesterday's curry, tomorrow's 
bread) 
The main characters are: Tetsuko Terayama, a 32-year-old employee who became a widow seven years ago. She 
lives with her also widowed father-in-law, a meteorologist and called Gifu by her, in his house. She was married to 
his son Kazuki for six years until he presumably died of cancer. Tetsuko's colleague Iwai would like to marry her. 
Oda, a neighbour, his wife and their 'hikikomori' daughter Takana (or Mumumu), a former flight attendant who, 
unable to smile, gave up her job and now almost never leaves the house.   
The script was written by Izumi Kisara, a well-known Japanese writer. The scenes and actions are so natural and 
everyday for Japanese viewers they are completely salient and perceived as very familiar. Even more than in the 
German film, there are actions in which meals/food appear. The scene of the breakfast preparation was best suited 
for comparison. 
 
5  RESULTS 
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5.1  The Japanese breakfast preparation 
1st scene until 0'5": Close-up of a rice pot standing on a gas flame. It steams, splutters, and everything overflows 
despite the lid.  
1st cut until 0'10": Close-up of the rice pot. Noises can be heard clearly and distinctly. No camera movements, 
no music, but the scene radiates life, warmth, closeness and energy.  
2nd cut until 0'14": Close-up of a quaking green frog jumping on water plants.  
3rd cut until 0'18":  Half total shot of an outer wall and gate to a ground-level house / property behind it. Bushes, 
trees, laundry stands can be seen. From 0'15" on, music begins for the first time, individual tones plucked on guitar 
or violin can be heard gradually evolving into a simple calm melody. Simple piano strokes underline them and then 
take over the melody. Everything is very calm and slow. Frog in Japanese means 'Kaeru', which also means 'come/go 
home'. 
4th cut until 0'25": The camera is fixed in a medium long shot. In the front Gifu is sitting at the dining table. On 
the right-hand side there are figures and other things on a windowsill. In the back part is the kitchen, Tetsuko is 
standing and cutting something on a sideboard. Open shelves and a refrigerator can be seen on the left -hand side. 
At the back is a wall with a window. In total there are three windows and the room is naturally well lit. Gifu puts 
the newspaper away, gets up from the chair, goes into the kitchen to the gas stove and adjusts the flame. Tetsuko is 
cutting something. Meanwhile, the music has become a quiet, simple melody plaid by a strin g instrument and a 
piano. 
5th cut until 0'28": Close-up of the cucumber slices and the kitchen knife cutting them, which is held by Tetsuko's 
hand. 
6th cut until 0'29": Medium long shot of Gifu taking the plate from the shelf on the left and placing it on the 
right next to the cucumber slices cut by Tetsuko. He briefly says 'hai' (please). 
7th cut until 0'33": Close-up of Tetsuko's fingers placing the aubergine and cucumber slices on the plate.  
8th cut until 0'35": Close-up of a plate next to it, as well as the fried salmon slice, which is placed on it using of 
a turner and chopsticks. 
9th cut until 0'37": Close-up of a bowl with natto plus the chopsticks with which Gifu stirs the natto. 
10th cut until 0'45": Close-up of a pot with soup into which Tetsuko stirs miso using a ladle and chopsticks. After 
three seconds, the camera slowly moves up to Tetsuko's focused face. Stirring in his natto, Gifu walks past her from 
left to right towards the window. 
11th cut until 0'53": Close-up of Gifu looking up out of the window while still stirring in his natto. In the 
background Tetsuko is turning from the gas stove on the left diagonally to the fridge behind Gifu. When Tetsuko 
opens the fridge, Gifu turns his head back to her, holding the bowl and the chopsticks in his hands. Tetsuko takes a 
plastic box and an egg out of the fridge. She gives the plastic box to Gifu, who is half turned towards her.  
12th cut until 0'57": Close-up of a saucepan in which bacon is sizzling. The camera is motionless. Tetsuko's 
hands are cracking an egg and putting it onto the bacon. A kitchen clock shrills in the background. The gentle music 
ends here. 
13th cut until 1' 0": Half close-up of Gifu standing in front of the rice pot saying 'wow'. Tetsuko is standing next 
to Gifu in front of the saucepan and holding chopsticks in her hand. Gifu picks up a towel to lift the lid off the rice 
pot. Tetsuko looks at him from the side. 
14th cut until 1'03": Close-up of Gifu's right half of his face and Tetsuko frowning at him from the side.  
15th cut until 1'06": Close-up of the lid that was removed with a towel and the freshly cooked and steaming rice 
in the pot. One hears Gifu saying 'oho'.  
 
5.2  Summarizing the Japanese breakfast 
Including the introductory scene, there are 15 cuts in 66 seconds. Almost all shots last more than 4 seconds. Food, 
its preparation, as well as the protagonists are shown in close-ups. 
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The atmosphere is calm, harmonious and without haste. The protagonists carry out the preparations calmly 
anticipating breakfast. The quiet music in the background accompanies their actions. The sounds of the kitchen, 
such as the spluttering rice pot, the slicing of the pickled vegetables, the sizzling of the bacon, the stirring of the 
miso or the stirring of the natto, can all be clearly heard and are even emphasized. The movements of the 
protagonists are calm and natural. It is a homely togetherness, so is every morning. Verbal communication is not 
needed. 
The breakfast consists of rice, miso soup, fish, bacon with egg, pickled vegetables and natto. The food is in the 
center with many close-ups and aesthetic in its simplicity. There is no direct statement about the personal 
relationship of the protagonists, but the familiarity and liveliness of the everyday common action is emphasized in 
each cut. 
It should also be mentioned that after 66 seconds Tetsuko says 'just a moment', but the following action is non -
verbal again for 50 seconds and proceeds as follows:  
Tetsuko takes Gifu's rice bowl and tips the rice of another bowl into his. She holds it out to him until he takes it, 
while she looks at him from the side all the time. Gifu slowly takes the bowl, looks at it and takes it to the dining -
table. Tetsuko spoons rice from the rice pot into a bowl, takes it and walks past Gifu through two rooms to the 
house altar. She kneels in front of it, puts the bowl in front of a photo, and strikes a small gong. Then she folds her 
hands, lowers her head for 3-4 seconds, stands up and walks back. The camera zooms in on the photo of a young 
man on the house altar with a full rice bowl in front of his picture.  
The dead are also provided with food at the same time as the living. And the next morning a living person eats 
the rice not eaten by the dead. To live and to prepare food together is part of everyday life and nor mal. The actions 
and motions are known. Everything is familiar. To trust and understand each other. There is contentment even 
without words. 
 
5.3  The German breakfast preparation 
1st scene until 2": Long shot of cranes and ships in a harbour. The pictures  are accompanied by upbeat 
instrumental music from the keyboard.  
1st cut until 5": Long shot of cranes and ships. In the foreground there are branches and leaves of a shrub/tree in 
close-up and partly blurred. 
The music for this sequence was composed by Tobias Wagner. It is peppy from the keyboard; the dynamic theme 
will be repeated throughout the breakfast preparation scene.  
2nd cut until 15": Full shot of two diagonally opposite doors at the end of a corridor. From 6" -11" the left door 
opens, Jan comes out of his room, sleepy, in his striped blueish-yellow underpants and grey-brown T-shirt, half 
reaching for his crotch. He walks half towards the camera to the right across the hall, probably into the bathroom.  
From 12"-15", the right door opens, and Hannah emerges from her room a little restless wearing a short dressing 
gown. She goes left across the hall into the kitchen.  
3rd cut to 16": close-up of Hannah. The camera travels from her hands holding the mocha pot up to her face. Her 
mouth is distorted because she cannot open the pot.  
4th cut until 20": Close-up of her hands holding the mocha coffee pot, still trying to unscrew it.  
5th cut until 21": Medium long shot of Hannah standing behind a shelf table. Behind her part of the kitchen with 
a blue wall, clock, sink, sideboard as well as shelves with spices etc. and kitchen utensils on hooks can be seen. 
Before her on the shelf table there are bananas and a bowl with grapes. Hannah cannot open the mocha coffee pot, 
her left hand holds the pot to the side. 
6th cut until 22": Close-up of her hand holding the mocha coffee pot. The latter is taken dynamically by Jan's 
left hand.  
7th cut until 26": Close-up of Jan going to the sink with the mocha coffee pot. Both he and Hannah are visible 
from behind. She takes a metal can containing ground coffee from the sideboard, and while she turns and places 
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while she looks at him from the side all the time. Gifu slowly takes the bowl, looks at it and takes it to the dining -
table. Tetsuko spoons rice from the rice pot into a bowl, takes it and walks past Gifu through two rooms to the 
house altar. She kneels in front of it, puts the bowl in front of a photo, and strikes a small gong. Then she folds her 
hands, lowers her head for 3-4 seconds, stands up and walks back. The camera zooms in on the photo of a young 
man on the house altar with a full rice bowl in front of his picture.  
The dead are also provided with food at the same time as the living. And the next morning a living person eats 
the rice not eaten by the dead. To live and to prepare food together is part of everyday life and nor mal. The actions 
and motions are known. Everything is familiar. To trust and understand each other. There is contentment even 
without words. 
 
5.3  The German breakfast preparation 
1st scene until 2": Long shot of cranes and ships in a harbour. The pictures  are accompanied by upbeat 
instrumental music from the keyboard.  
1st cut until 5": Long shot of cranes and ships. In the foreground there are branches and leaves of a shrub/tree in 
close-up and partly blurred. 
The music for this sequence was composed by Tobias Wagner. It is peppy from the keyboard; the dynamic theme 
will be repeated throughout the breakfast preparation scene.  
2nd cut until 15": Full shot of two diagonally opposite doors at the end of a corridor. From 6" -11" the left door 
opens, Jan comes out of his room, sleepy, in his striped blueish-yellow underpants and grey-brown T-shirt, half 
reaching for his crotch. He walks half towards the camera to the right across the hall, probably into the bathroom.  
From 12"-15", the right door opens, and Hannah emerges from her room a little restless wearing a short dressing 
gown. She goes left across the hall into the kitchen.  
3rd cut to 16": close-up of Hannah. The camera travels from her hands holding the mocha pot up to her face. Her 
mouth is distorted because she cannot open the pot.  
4th cut until 20": Close-up of her hands holding the mocha coffee pot, still trying to unscrew it.  
5th cut until 21": Medium long shot of Hannah standing behind a shelf table. Behind her part of the kitchen with 
a blue wall, clock, sink, sideboard as well as shelves with spices etc. and kitchen utensils on hooks can be seen. 
Before her on the shelf table there are bananas and a bowl with grapes. Hannah cannot open the mocha coffee pot, 
her left hand holds the pot to the side. 
6th cut until 22": Close-up of her hand holding the mocha coffee pot. The latter is taken dynamically by Jan's 
left hand.  
7th cut until 26": Close-up of Jan going to the sink with the mocha coffee pot. Both he and Hannah are visible 
from behind. She takes a metal can containing ground coffee from the sideboard, and while she turns and places 
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the lid on the shelf table in front, he opens the mocha coffee pot over the sink.  
8th cut until 27": Close-up of Hannah from shoulder to the back of her head. Her right hand takes from Jan's 
right hand/arm the hopper of the mocha coffee pot.  
9th cut until 28-29": Close-up of her right hand tapping the coffee grounds from the hopper into an octagonal tin 
can. 
10th cut until 29-30": Close-up of Jan's right hand holding the water-receptive part of the mocha coffee pot under 
the tap and filling it with water. 
11th cut until 30-31": Close-up of Hannah's left hand holding the hopper. Her right hand spoons ground coffee 
powder from the can into the hopper. Her hand and the container are at the center. Hannah is standing at the shelf 
table. 
12th cut until 32": Close-up of Jan who is visible from the shoulder halfway from behind. He is still standing 
unshaven over the sink and is yawning. On the wall in front of him there is a shelf with spice containers, a coffee 
grinder and behind it a picture with apples and pears. The running of water can be heard.  
13th cut until 36": Medium close-up of both. Jan is standing in front of the sink on the left in the back, holding 
the container filled with water and is moving in Hannah's direction. She, having finished pouring coffee powder 
into the hopper in her left hand, now with her right hand puts the lid on the can. Then she turns towards Jan and 
with her right hand takes the water-filled lower part of the mocha coffee pot from his right hand. Hannah's left side 
is visible, and Jan is seen from behind. 
14th cut until 37": Close-up of a hob on the gas stove where Jan is igniting fire with a lighter. The thumb and 
index finger of his hand holding the lighter are also visible. The flicking of the lighter is noticeable.  
15th cut to 38": Medium close-up of a dynamic scene: Hannah moves to the left, closing the mocha coffee pot, 
Jan moves to the right to the sideboard, takes the cutting board with bread on it in both hands and places it on the 
shelf table in the foreground. 
16th cut until 39": Close-up of Hannah's right hand placing the mocha coffee pot on the hob of the gas stove.  
17th cut until 40": Close-up of Jan from the front. He is standing at the shelf table and raises his right hand. 
Behind him Hannah can be seen from behind in front of the gas stove. Her right arm goes to the right and is half 
covered by his right upper arm.  
18th cut until 42": Close-up of Jan's outstretched right hand. Hannah's concentrated face is visible from the side. 
With her right hand she puts the handle of a bread knife into Jan's right hand. His hand grasps the handle.  
19th cut until 43": Close-up of the cutting-board, of a piece of whole grain bread as well as Jan's left hand holding 
it and of the bread knife with which he cuts 2-3 slices. 
20th cut until 47": Dynamic medium close-up of both. Jan in the center is still cutting the bread. Hannah on the 
right can be seen from behind. She takes three white plates from the top shelf on the wall, turns forward, takes one 
white plate with her right hand and places it on the shelf table.  
21st cut until 48": Dynamic close-up: Her right hand places the plate in front of the chopping board on the shelf 
table. With his left hand, Jan tosses rather than lays three slices of bread on it. His right hand still holds the bread 
knife in his hand. 
22nd cut until 49": Extreme low angle close-up of Jan on a motorbike. Both his hands are resting on the 
handlebars and he is wearing a helmet. His motorcycle light is on. 
 
5.4  Summarizing the German breakfast 
Including the introductory scene there are a total of 23 cuts in 49 seconds! Most cuts are very short and take only 
1-2 seconds. Large compositions and close-ups dominate. Apart from the protagonists, mainly things and objects 
can be seen. 
The mood is slightly tired. Nonetheless, even if something is troublesome, what has to be done will be done. 
This seems to be underlined by the upbeat, rhythmic, repetitive music. The beat accompanie s the cuts as well as 
the movements of the protagonists. Even if the two are not in the best mood, they are a well -rehearsed team 
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preparing breakfast. Their movements flow smoothly into one another. Words are not necessary. Both are efficient 
and focused on their tasks. 
The breakfast consists of coffee and bread, maybe also the bananas and grapes seen at the beginning. The latter 
is pure speculation though. The preparation of breakfast and its contents (coffee and bread) are purposeful. 
Everything is task-oriented, and the actions should be quick and efficient. The espresso or mocha should wake them 
up, the wholemeal bread should give them energy, so they can start working afterwards (final scene on moped). No 
statement is made about the personal relationship of the protagonists. The food or the meal itself is not emphasized. 
The focus is clearly on things and tasks.  
 
6  DISCUSSION AND CONCLUSION 
 
Both sequences manage without words and nevertheless clearly convey each culture’s different communicative 
styles in everyday life. One can argue that they are only part of a film and thus posed. But even in a film, everyday 
situations can only go unchallenged if they agree with the everyday life of most of the viewers and thus can pass 
'unnoticed'. This is the case in both films.  
German breakfast preparation is characterized by a high degree of task orientation and efficiency. The individual 
sections show objects whose context is linear and simple. The fact that something is annoying is not necessarily 
hidden. Time-conscious, perfect and professional are further adjectives that come to mind. The electronic music 
which rhythmically drives the action and masks almost all other noises reinforces this impression. The necessary 
is done, but the food is rather spartan (coffee and bread). This preparation largely conveys the otherwise often 
described (Schroll-Machl, 2002) German communicative-cultural style. 
The sequence of the Japanese breakfast preparation, however, is characterized by numerous interwoven aspects. 
The wordless but joint and interrelated preparation of different dishes is filled with familiarity, peace and serenity.  
Not only the protagonists and the food can be seen. Also, all other aspects, like the house, the kitchen itself, the 
arrangement of the things, the natural light as well as the simple music, which is restrained and thus clearly 
revealing of all aspects, are of great importance. All these details, in all their complexity, result in an aesthetic 
simplicity. Even the dead are not forgotten in everyday life but are part of life. There is no simple task orientation 
here. The context is too big to be manageable for a single person. Relationship orientation is indispensable. This 
breakfast preparation also shows quite clearly the often described (Huijser, 2011) Japanese communicative-cultural 
style. 
The reproduction of an everyday life which is self-evident for many succeeds by appropriate camera attitude, 
camera guidance, recording length and the play of the actors. The communication expressed mainly non-verbally in 
the two analyzed sequences illustrates more than words the German as well as the Japanese communicative -cultural 
styles.  
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On "Daro", "Daa", "De", and "Dee" in the Tokushima dialect 
Takeshi SHIMADA 
 




This paper aims to describe the functional characteristics of four sentence-closing particles,"da
ro", "daa", "de", and "dee" in the dialect of Tokushima spoken in the eastern part of Shikoku,
 which is one of the four main islands of Japan. "Daro" has the function of supposition. "Da
a" is an allomorph of "daro", which stands for inference and the request to agree to it. "De"
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(9) ホラホーダー ／ *ホラホージャー* 4 cf. ホラホージャロ
(10) イクダー ／ *イクジャー cf. イクジャロ
(11) イッタダー ／ *イッタジャー cf. イッタジャロ
(12) カカンダー ／ *カカンジャー cf. カカンジャロ
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  (25) （お菓子）     イルデ？  HHH （要る？）
  (26) （テレビ）     ミルデ？  LLH （見る？）
  (27) （もう荷物は）   キタデ？  HLH （来た？）
  (28) （捜し物は）    ナンデ？  LLH （何かな？）










3. 3. 2. 推定判断の「デ」
 次に(18)のような「確信を持って意志を告げる」とされている「デ」の例を見る。
     状況           例    音調   対応する意味
  (30) （バスはもうすぐ）    クルデ   LLH  （（心配しなくても）来るよ。） = (18) 
  (31) （言われなくても自分で） スルデ   HHH  （きっとするよ。）
  (32) （そんな馬鹿なこと）   セーヘンデ HLLLH （きっとしないよ。）
上記の(30)から(32)は動詞または助動詞に「デ」が付加されて、話者の推定判断を表す。この場合の「デ」
は、前にある要素の音調にかかわらず「H」の音調を持つ。したがって 3. 3. 1 節の疑問を表す「デ」と
同じ音調になるので、機能の区別は文脈に依存する。
3. 3. 3. 推定判断の強調の「デ」
 3. 2. 2 節の例文の音調だけが違う形式で、推定判断の強調を表し、話し相手への何らかの働きかけを
することができる。
     状況           例    音調   対応する意味
  (33) （バスはもうすぐ）    クルデ   LHL  （来るよ。急いで／安心して。）
  (34) （言われなくても自分で） スルデ   HHL  （するよ。口出ししないで。）








  i. *誰か？  誰だ？   誰？  ／ 誰だい？ ／ 誰かな？   など
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Response to Hydrogen in Field-effect Transistor Sensor 
with Platinum Nanoparticles 
 
Hisashi FUKUDA and Yoshihiro TADA 
 




A novel device based on nanometer size platinum (Pt) on the gate electrode of metal-oxide-
semiconductor field-effect transistor (MOSFET) for detecting hydrogen (H2) gas was fabricated. The 
operation characteristics of the device for the detection of H2 gas presents as a function of H2 gas 
concentration. The drain current in the output characteristics of the MOSFET increased rapidly 
depending on the H2 gas concentration. It was possible to detect 1,000 ppm for H2 gas at room 
temperature. A model was proposed to explain the operation. The sensing mechanism of the device is 
supported well by the experimental data. 
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             図 1 MOSFET 水素センサの断面図
3 実験結果および考察
 図 2 は、Al ゲート電極上にインクジェット法により形成した Pt ナノ粒子表面の AFM 画像を示した
ものである。図に示したように粒子が重なり合って薄膜を形成していることが確認された。表面粗さ(Ra)
は 5.3nm であった。このように、実効的に表面積の大きな膜構造が得られた。 
 
              図 2 AFM による微粒子白金の表面形状
MOSFET 型センサの動作特性を測る前に、MOS キャパシタでの容量‐電圧（C-V）特性の水素濃度依
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図 3 MOS キャパシタの C-V 特性における水素濃度依存性
次に、作製 した MOSFET 型センサの出力特性を図 4 に示す。測定は、室温（27℃）、 空気中、光の 
当たらない状態で行った。ゲート電圧が Vg=0~3.0 V までの範囲で、１V 刻みで、ソース・ドレイン間
電圧(Vds)を、0～5 V 変化させた際のドレイン電流（Id）を測定した。Vｇ＝0 V では電流がほとんど流れ
ず、Vg が 0 V より大きい場合では、Vg の増加に伴い Id が直線的に増加し、やがて電流値が飽和する傾向
を示していることがわかる。このことから、エンハンスメント型ｎチャネルの MOSFET として動作して
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 一つの吸着分子が解離吸着するには空いている吸着点が隣接していなければならず、隣接する 2 つの
吸着点が空いている確率は吸着点での被覆率を θ とすると、(1-θ)2 である。また、解離するためには、解
離している 2 つの吸着種が隣接していなければならない。その確率は θ２である。従って、吸着速度 Va
は、P を水素の圧力とすると
                      va＝kaP(1-θ)2 ････････････････････････････････（2）
 
となる。また、脱離速度 vd は、vd=kdθ2 である。ここで、ka は吸着速度定数、kd は脱離速度定数である。
平衡状態では va=vd なので
                       θ=(aP)1/2/{1+(aP)1/2}    ････････････････････････（3）
ここで、a=ka/kd は解離吸着平衡定数という。吸着量 V は被覆率 θ に比例するので、V で(3)式を表すと
次式が得られる。








きた。MOSFET 型ガスセンサの利点は、センサとなる感応部が増幅器である FET 部に直接接続している
ため、集積化が容易であること、それに伴い小型・低コスト化が見込めることである。また感応膜を異
なるものに置き換えれば種々のガスを選択的に検知することが可能である。今後の課題としては、セン
福田 永，夛田 芳広 
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